The aim of the paper is to show the significance of the fractal approach to scientific disco very in the context of interrelations between the modern natural sciences and medi cine in order to increase an efficiency of applications of most advanced medical devices.
Introduction
At present, the world is developing rapidly due to a number of previously impossible scientific discoveries, the most significant of which have a great impact on the course of history and are able to radically change the world. Just the discoveries in natural sciences underlie the ever-changing world, when in the eyes of one generation almost all the technologies change, when new technologies allowing the humanity to make the transition to a new civilization arise [1] . These scientific discoveries make it possible to considerably influence all spheres of human and social life, including the sphere of medicine with its methods of treatment. Indeed, in 2012, a document was adopted by the UN plenary session, which outlined the following main challenges for the world community and the key health priorities in the near future: cardiovascular and oncological diseases, diabetes mellitus and chronic obstructive pulmonary diseases. The fundamental empirical fact that these diseases cause about 70 % (for cardiovascular diseases -30 %) of all negative economic, social, moral and ethical consequences should also be mentioned. One of the reasons for this situation is that modern doctors cannot master innovative high-tech diagnostics equipment designed by engineers on the basis of advanced achievements of fundamental science and the principles of analytical thinking. In this connection, there arises a problem of the proper understanding by doctors of the term "medicine" itself. In the new Webster Dictionary of English, the following definition of medicine is given: "medicine (medisin, Br. esp. medsin) n. any preparation or sub-stance used in the treatment of disease; the science of the prevention and cure of disease and of health preservation; the branch of this science dealing with curative substances rather than with surgery, obstetrics etc.; the medical profession to take one's medicine to submit stoically to punishment etc. that one deserves [fr. O.F. medecine]" [2] . From this definition it follows that medicine is both a science and a practical activity, but the existing socio-cultural situation in a number of developed countries in the West and Russia forces doctors to focus on the practical side of medicine. As a result, ignored is the scientific side of medicine based on the laws of nature, whose book is written in the language of fractal calculus, so that the existing situation discourages design & development of new medical equipment by practitioners, condemns practical medicine for stagnation in its development and inability of doctors to use fractal methodology and logics of scientific knowledge, especially in the field of scientific discovery. In fact, we face a crisis in practical medicine connected with the crisis of the medical education itself, in which, firstly, absent are an adequate methodology of scientific research, without which neither fundamental science nor modern business can do, and secondly, relevant courses adapted to various fields of medicine such as biophysics and biochemistry, allowing to identify the primary causes of pathology, and thirdly, proper mathematical methods of modeling and metrology. In view of all this, it becomes clear that, under the conditions of discoveries in the fundamental sciences and the ongoing technological revolution, the scientific medicine, using a range of methodologies of scientific research, is gaining more and more significance. The application of the fractal approach (fractal calculus that has grown in the framework of the synergetic paradigm) and the mathematical modeling of measuring and computing systems as methodological and logical bases for scientific research is widely spread in various areas of modern scientific knowledge and engineering expertise.
Materials and methods
Now, the attention of philosophers and methodologists of science is being focused on a number of fundamental changes taking place in various fields of science and technology, namely, development of the quantum information theory and design of quantum computers on its basis, the possibilities of genetic engineering, virtual reality, nanotechnology, neuroscience, artificial intelligence, computer psychotechnologies, robotics, and so on [3] [4] [5] [6] .
However, in the shadow of all these many changes, essential for the further destiny of world civilization, silently going on in the natural sciences, engineering, economics, finance, medicine and other spheres of human activity, an advancement of the fractal paradigm takes place; sometimes this advancement is called the fractal revolution. It is known that in modern science, along with new information and communication technologies, used are the synergetic concepts and non-Markov paradigms, as well as the fractal calculus, which involve very unusual for a human, spatial and temporal, representations, but they allow describing a new level of complexity of the human world, environment and the human individual proper. It is just the fractal approach that reveals a considerable heuristic potential applied to the phenomenon of scientific discovery, when the old logics and methodology are already insufficient for its comprehension [7] [8] [9] [10] . In fact, up to now, the logics (and methodology) of the scientific discovery has been comprehended within the framework of the classical, Aristotelian paradigm of the scientific cognition, a fine example of which can be found in the studies in the field of the scientific discovery logics by Mill, Peirce and Popper. From these studies it follows that the scientific discovery logics provides for the existence of the possibility of rationalizing the process of hypotheses generation with the help of modern intellectual computer systems such as DSM (John Stuart Mill), i.e. the systems which allow modeling the process of knowledge acquisition [11] . The DSM method for automatic generation of hypotheses is carried out by modern artificial intelligence systems by means of the Mill's inductive methods. The given logics of the scientific discovery (in other terms, the acquisition of new knowledge) is a synthesis of such cognitive procedures as induction developed by Mill, analogical inference, abduction proposed by Peirce and deduction grounded by Popper as a mean of identifying a falsification. The value of the DSM method is supported by the fact that, within the functioning of artificial intelligence systems, the priority in the discovery logics should be given to the theory of truth as the correspondence to facts.
However, nowadays, after the recent discovery that all objects and systems from microworld to Metagalaxy show their fractional dimensionality, which is associated with a stochastic, nonlinear picture of the world (here we use the ideas and concepts of synergetics, adequate to the matter self-organization). The classical methods, methodology and logics of scientific discovery reveal their restrictions and limitations due to the fractal nature of the entire surrounding world. This highlights the fractal logics, methodology of scientific discovery and scientific cognition in the context of the stochastic model of the world in general.
In modern science, sociology, economics, technology and other spheres of human activity, fractal measurements connected with topology are used to solve a number of problems that turn out to be very successful in practice [12, 13] . In other words, here the concept of the fractal is one of the key categories in science as a whole; it follows from the empirical fact that the fractal language fixes such a fundamental property of real phenomena as self-similarity: small-scale structures repeat the form of largescale ones. Thus, in case with a fiord or an electrocardiogram, the self-similarity consists in infinitely varying intricate curve patterns, and considering blood vessels in a human body, treating winter frosty patterns, or analyzing functioning of marketing, the self-similarity is displayed as infinitely variable complex branching. A fractal is a nonlinear structure that preserves self-similarity (self-affinity) in unlimited scale change (thus, we see an example of mathematical idealization). Here we should notice that the key point is the retained property of nonlinearity. It is essential that a fractal has a fractional, irrational dimensionality in the limit, due to which it is a way to organize an interaction between spaces of different nature and dimensionality (neural networks, individuals and their interaction, etc. are also fractals). The peculiarity of the fractal is that it has neither beginning, nor middle, nor end, like the Leibnizian Monad, i.e. it is delocalized and has no boundaries. The fractal is the core concept of synergetics, and it perfectly describes the self-organization of any system, models its self-unfolding; its properties are hardly perceived by our thinking. However, the fractal logics, operating with paradoxical logical objects, makes it possible to solve problems of thinking which cannot be solved within the framework of the existing logics [14] . Therefore, similar to the philosophy of cyberspace, the philosophy of communication and information, or the philosophy of information, which appeared for the philosophical comprehension of new information technologies in the West and China, the philosophy of the fractal world [15] is emerging, which acts as the methodology and logics of scientific research, including the scientific discovery. From philosophical and methodological point of view, a rapidly developing mathematical discipline, the fractal and chaos in dynamic systems, which has applications in modern science [16] , is of undoubted interest. It fits well into the modern stochastic, non-linear picture of the world (here the synergetic approach works), describing the systems of our hierarchical world, from the microworld to our Universe. A variety of dynamic chaos models and turbulence in water, atmosphere, human circulatory system and space, fluctuations in temperature and density of various systems of the surrounding world are fractal in nature, having a space of fractional dimensionality.
It is necessary to take into account the fact of complementary nature of the fractal approach and the linear one to describing the world, including the human being, which gives a possibility for a deeper understanding of their nature. Indeed, nowadays, a new concept of interference-wave coherence of large-scale structures of a distributed type in living nature has been put forward. One of such structures is a human body, the study of which at various levels is very effective through the use of the fractal and synergistic principles. Thus, the concept of a fractal description of the world comes from the integral relationship between a Man and Cosmos, i.e. the fractal approach is one of the methodological foundations of the interrelations between the natural sciences and medicine.
It is just the fractal approach as the logics and methodology that makes it possible to explain the fundamental nature discoveries made by Leningrad biologists and physicians during the famous Leningrad Blockade in the Second World War. In monograph "The Leningrad Blockade: discoveries in the field of biology and medicine" V. B. Simonenko and S.V. Malaev enumerate the discoveries, namely, high life potential of the human body; activation of natural mechanisms of viability in a significant part of human population under long-term extreme conditions; diseases of the nervous regulation of biological functions and their significance in the outcomes upon survival in the extreme situation; dependence of severity and outcomes of alimentary dystrophy on psychoemotional status; dependence of severity and outcomes of atrophic process on the preservation of apoptosis regulation at the level of organism; a possibility of natural reduction in atherosclerotic lesions of the vascular wall; the key role of the nervous mechanisms in the pathogenesis of hypertensive disease" [17] . All these discoveries, which, due to the extreme conditions of the Blockade, were surprisingly revealed, because they remained hidden under the normal conditions of the organism vital activity, but manifested themselves on the verge of life and death. Under the normal conditions of the human body vital activity, biologists and doctors follow some rules of the classical formal logics. These rules are not applicable to the process of biomedical research of the human body viability in extreme situations; in this case, the fractal logics and methodology of scientific discovery demonstrate their adequacy. The fact is that the fractal logics operates with paradoxical logical objects, the number of which also tends to infinity, and in its conceptual quality it appears as a feedback-based instrumental and socio-cultural means of the scientific discovery. In application to discoveries in the field of biology and medicine, made under the extremely unfavorable conditions of the Leningrad Blockade, it means that the human body fractal structures formed some specific structures and stable biochemical forms of living nature. Such stable structures and forms in the human body are, first of all, the brain and the kidneys that explain the reality of "restoring the organism from the level of minimum life to a level quite sufficient for active life and procreation" [16, 17] . The methodological significance of the fractal approach in describing such a relationship is most pronounced expressed in the emergence of the socalled medicine 3.0, or health 3.0 as an adequate response to the crisis state actually of all modern western and eastern, traditional and academic medical models and practices. It is just this type of medicine that is characterized by, firstly, the human and socio-cultural dimension, secondly, the holistic approach when an individual is considered as the unity of all spiritual and psycho-physiological measurements, thirdly, the quantum mechanical interpretation of the body's resistance to the micro and macro levels of the existence (medicine is regarded as the quantum in this case), fourthly, the interpretation of a disease and health as different states of the body being a multi-layered, dynamic balanced system with properties of fractality, and fifthly, its existence is substantiated by the development of the modern exact natural sciences [18] . Just in the context of the general ideas and principles of medicine 3.0, research and development of new medical drugs and innovative medical equipment should be carefully and intensively analyzed.
Following this consideration, we should notice that an exemplary case is the Cardiocode device. This electrocardiograph was designed and developed on the basis of a fundamentally new paradigm of knowledge on the heart and blood vessels phase performance, including the developed in 1980 by G.M. Poyedintsev and O.K. Voronova theory of the elevated fluidity mode [19] of blood circulation. This mode differs from the laminar and turbulent modes of flow, although it has some areas of turbulence. This mode is the third of the known modes of fluid flow in nature, and the discovery of the latter has been simply impossible within the framework of the classical logics, but it can be adequately interpreted by the fractal logics. As a result, created has been a new fundamental science: cardiometry, which is based on its own laws, axiomatics and logics.
So, subsequently, the paradigm for cardiology requires solving the problem of the measuring accuracy of diagnostically relevant signals (electrocardiosignals). The given diagnostics problem is primarily "related to the metrology of measurement and recording of biomedical signals, as well as an assessment of the reliability of the criteria characterizing the functional parameter" [19] .
Thus, we face a complex methodological problem associated with difficulties in measuring physiological parameters, when direct (invasive) and indirect (noninvasive) measurements are used, when salient features of any signal, including medical and biological one, are revealed by mathematical differentiation, when a great number of external factors and pathological processes interfere and produce their different effects thereon.
Nowadays, much attention should be paid to the theory of measuring and computing systems (MCS) as measuring instrumentation, which is based on the mathematical formalism of measurement reduction, which makes it possible to obtain the most accurate description of an unobservable system "measured object-environment" according to the measurement results obtained in the system "measured object-environment-measuring device" and not distorted by measurements (that is related to fractal methodology): "Another important consequence of the MCS theory is a new principle of measurements, according to which the characteristics of the measured object interacting with measuring component (MC) can be significantly distorted compared to their values inherent to the object in its natural state, not disturbed by measurement and interesting to researcher" [20] .
If at the level of the measuring component all the processes obey physical laws with their known limitations and prohibitions like thermodynamics, diffraction, quantum, and other ones, then at the MCS level the situation is fundamentally different, since the computational component makes it possible to mathematically model and calculate what is directly unobservable. MCS is a fundamentally new class of measuring instrumentation, which allows designing ideal measuring equipment for scientific and practical research of an object in its natural state. It is just the MCS concept that is capable of supplying significant data, when applied in medicine, including studies of biomedical signals (among them electrocardiosignals as well).
Results and discussions
The obtained results show that the fractal approach has been used for the first time as a methodological and logical basis for the scientific discovery in the context of interconnections between the modern natural sciences and medicine, including cardiology. For the first time the application of the fractal methodology in the field of MCS to avoid distortions in biomedical signals (electrocardiosignals) has been proposed. These results demonstrate a good correlation with the fractal nature of the livings and the fractality of channels in the human body. One of the fractal nature features is that the fractal considered in the form of a point (in a cross-section) can be differentiated at a closer distance into one or another set of points, a cluster, each point of which can be again differentiated into a cluster and so on (Cantor dust is an example thereof). This type of the structural construction is referred to as the fractal-cluster architecture, expressing the self-similarity of a fractal and its geometry, with reflecting one or another level of dimensionality. If we add the principle of self-affinity and congruence of a fractal, then this fractal-cluster approach is fully capable of providing the proper methodological basis for describing the relationships between the modern natural sciences and medicine under development. In application to advanced cardiometry, which deals with the problem of how to eliminate distortions on electrocardiograms, the channel fractality considerations, covering the human body as a whole, should be regarded as a very productive approach. This approach is also applicable when using the MCS based electrocardiogram recording technologies that will provide distortion-free data sets indicating the true performance of the human cardiovascular system.
Conclusions
For the first time revealed is the significance of the fractal approach as a methodology and logics of the scientific cognition, where and when the key role is played by a scientific discovery, restoring the interrelations between the modern natural sciences and medicine under development, first of all cardiology. For the first time, on the basis of the fractal methodology and logics, a wide range of possibilities to apply mathematical modeling methods for measuring and computing systems as methodology for studying biomedical signals (electrocardiosignals) has been established. The first step on the way out of the current crisis in medicine has been made with the use of the fractal methodology and logics of the scientific discovery in the context of the interconnections between the modern sciences and medicine. Prospects for overcoming this crisis are linked to applications of a number of the fresh scientific methodologies: tensor methodology, quantum mechanics, quantum information theory, artificial intelligence, nanoscience, trans-or multidisciplinary, or research strategy and others.
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